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(57) ABSTRACT

An optical waveguide circuit capable of controlling polar-
1zation crosstalk 1s provided. An under cladding 1s formed on
a silicon substrate (11). A core 1s formed on the under
cladding and has a waveguide structure 1n which one or
more optical input waveguides (12) arranged side by side are
connected at their exit ends with a first slab guide (13),
which 1s connected at 1ts exit end with an arrayed waveguide
(14) composed of plural channel waveguides (14a) that are
different in length with the difference preset, and the arrayed
waveguide (14) is connected at its exit end with a second
slab waveguide (15), which is connected at its exit end with
a plurality of optical output waveguides (16). The top of the
core 15 covered with an over cladding to form an optical
waveguide portion (10) composed of the under and over
claddings and the core. A plurality of light beams having
different wavelengths are entered to the core 1n the multi-
plexed manner, and the entered light beams are outputted
separately on the basis of the wavelength. The claddings and
the core are formed from silica glass. The birefringence B 1n
the optical waveguide portion (10) is set so as to satisfy
IB|=1.2x10™* to reduce polarization crosstalk to =20 dB or

less.

2 Claims, 4 Drawing Sheets
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OPTICAL WAVEGUIDE CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical waveguide
circuit such as an arrayed waveguide grating type optical
multiplexer/demultiplexer used 1n optical communications
or the like.

2. Description of the Related Art

In recent years, optical wavelength division multiplexing,
communications has been actively researched and devel-
oped 1n the hope of increasing exponentially data transmis-
sion capacity 1n optical communications, and it 1s beginning
to be put 1nto practice. Optical wavelength division multi-
plexing communications 1s to transmit data by putting, for
example, a plurality of light beams having different wave-
lengths through wavelength division multiplexing. In such
an optical wavelength division multiplexing communica-
tions system, the transmitted plural light beams with ditfer-
ent wavelengths have to be picked separately on the basis of
the wavelength by the receiver of the light beams. Theretore,
a light transmissive element that transmits only a light beam
having a predetermined wavelength, or like other elements,
1s 1ndispensable for the system.

An example of the light transmissive element 1s an
arrayed waveguide grating (AWG) shown in FIG. 1. The
arrayed waveguide grating has, on a substrate 11 of silicon
or the like, an optical waveguide forming region structure as
shown i FIG. 1. The optical waveguide structure of the
arrayed waveguide 1s composed of: one or more optical
input waveguides 12 arranged side by side; a first slab
waveguide 13 connected to the exit ends of the one or more
optical mput waveguides 12; an arrayed waveguide 14
composed of plural channel waveguides 14a arranged side
by side connected to the exit end of the first slab waveguide;
a second slab waveguide 15 connected to the exit end of the
arrayed waveguide 14; and a plurality of optical output
wavegulde 16 arranged side by side and, connected to the
exit end of the second slab waveguide. The arrayed
waveguide 14 propagates light that 1s outputted from the first
slab waveguide 13, and 1s composed of a plurality of channel
waveguides 14a arranged side by side. Lengths of adjacent
channel waveguides are different each other with the ditfer-
ence preset. The number of optical output waveguides 16 1s
determined, for example, 1n accordance with how many light
beams having wavelengths different from one another are to
be created as a result of demultiplexing or multiplexing of
signal light by the arrayed waveguide grating. The channel
waveguides constituting the arrayed waveguide are usually
provided 1n a large number 100 for example. However, FIG.
1 1s simplified and the number of the channel waveguides,
the optical output waveguide 16, and the optical 1nput
waveguides 12 1 FIG. 1 does not exactly reflect the actual
number therof.

The optical input waveguides 12 are connected to, for
example, transmission side optical fibers so that light having
undergone the wavelength division maltiplexing 1s intro-
duced to the optical mput waveguides. The light having
traveled through the optical mput waveguide and been
introduced to the first slab waveguide, 1s diffracted by the
diffraction effect thereof, and enters the arrayed waveguide
to travel along the arrayed waveguide.

Having traveled through the arrayed waveguide 14, the
light reaches the second slab waveguide 15, and then 1is
condensed 1n the optical output waveguides 16 to be out-
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putted therefrom. Because of the preset difference between
adjacent channel waveguides 14a of the arrayed waveguide
14, the light beams after traveling through the arrayed
waveguide 14 have phases different from one another. The
wavelront of the traveled light 1s tilted 1n accordance with
this difference and the position where the light 1s condensed
1s determined by the angle of this tilt. Therefore, the light
beams having different wavelengths are condensed at posi-
tions different from one another. By forming the optical
output waveguides 16 at these positions, the light beams
having different wavelengths can be outputted from their
respective optical output waveguides 16 that are provided
for the respective wavelengths.

For instance, as shown m FIG. 1, light beams having
undergone the wavelength division multiplexing and having
wavelengths of A1, 22,23 .. . An (n is an integer equal to
or larger than 2), respectively, are inputted to one of the
optical input waveguides 12. The light beams are diffracted
in the first slab waveguide 13, reach the arrayed waveguide
14, and travel through the arrayed waveguide 14 and the
second slab waveguide 15. Then, as described above, the
light beams are respectively condensed at different positions
determined by their wavelengths, enter different optical
output waveguides 16, travel along their respective optical
output waveguides 16, and are outputted from the exit ends
of the respective optical output waveguides 16. The light
beams having different wavelengths are taken out through
optical fibers for outputting light that are connected to the
exit ends of the optical output waveguides 16.

In this arrayed waveguide grating, wavelength resolution
of the grating is in proportion to the difference in length (AL)
among the adjacent channel waveguides 14a of the arrayed
waveguide 14 that constitutes the grating. When the arrayed
waveguide grating 1s designed to have a large AL, 1t 1s
possible to multiplex/demultiplex light to accomplish wave-
length division multiplexing with a narrow wavelength
interval, which has not been attained by other type optical
multiplexer/demultiplexer of prior art. It 1s thus possible for
the arrayed waveguide grating to have a function of
multiplexing/demultiplexing a plurality of signal light
beams, specifically a function of demultiplexing or multi-
plexing a plurality of optical signals with a wavelength
imnterval of 1 nm or less, which 1s a function deemed
necessary for optical wavelength division multiplexing com-
munications of high density.

The above arrayed waveguide grating 1s an optical
waveguide circuit in which an optical waveguide portion 10
having an under cladding, a core and an over cladding
formed from silica-based glass or the like 1s formed on the
substrate 11 of silicon or the like. The under cladding is
formed on the substrate 11, the core with the above optical
waveguide structure 1s formed thereon, and the over clad-
ding 1s formed on the core to cover the same. The over
cladding 1s formed from silica-based glass obtained by, for
example, doping pure silica with a 6 mol % of B,O; and a
6 mol % of P,O. (S510,—B,0,—P,0.).

FIGS. 4A to 4D 1llustrate a process of manufacturing the
arrayed waveguide grating, and described below with ref-
crence to FIGS. 4A to 4D 1s a method of manufacturing the
optical waveguide circuit. First, as shown in FIG. 4A, a layer
for an under cladding 1b 1s formed on the substrate 11 and
a layer for a core 2 1s subsequently formed thereon. Next, the
layer for the core 2 to form an optical waveguide pattern of
the arrayed waveguide grating, thereby forming the core 2
with the optical waveguide structure described above as
shown 1n FIG. 4C, by photolithography reactive 10on etching
method using a mask 8 as shown 1n FIG. 4B.
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Then a layer for an over cladding 1a 1s formed on the core
2 so as to cover the core 2 as shown 1n FIG. 4D. The each
layer for the under cladding, the core and the over cladding
la 1s formed by flame hydrolysis deposition method and
consolidating the glass particles 50 at a temperature of, for

example, 1200° C. to 1250° C.

In the optical wavelength division multiplexing commu-
nications as above, when only a horizontally polarized wave
1s transmitted as signal light, a vertically polarized wave
perpendicular to the horizontally polarized wave turns 1nto
a noise that degrades the transmission characteristic of the
above communications. The noise causes reduction 1n data
fransmission capacity and transmission distance and, hence,
fewer vertically polarized wave 1s better. On the other hand,
when only a vertically polarized wave 1s transmitted as
signal light 1n the above optical wavelength division multi-
plexing communications, horizontally polarized wave per-
pendicular to the vertically polarized wave has to be reduced
as much as possible.

In other words, polarization crosstalk (i.e., extinction ratio
of signal light to noise light polarized i1n the direction
perpendicular to the polarization of the signal light) has to be
as small as possible 1n the optical wavelength division
multiplexing communications system. Specifically, a desir-
able polarization crosstalk 1s —20 dB or less in total for the
entire optical wavelength division multiplexing communi-
cations system. The polarization crosstalk 1s expressed, for
instance, as the following expression (1):

Polarization crosstalk=10 log(Py/Px) (1)

wherein horizontally polarized wave intensity Px (polarized
in the direction x) is the signal light and vertically polarized
wave intensity Py (polarized in the direction y) is the noise
light.

Accordingly, each of the optical components used 1n the
optical wavelength division multiplexing communications
system has to have a polarization crosstalk smaller than —20
dB. However, 1n a conventional optical waveguide circuit
adopted as the light transmissive element of the arrayed
waveguide grating, or the like, the horizontally polarized
wave and the vertically polarized wave are transmitted
together if light entering the circuit has both This makes it
difficult to reduce the polarization crosstalk between a
polarized wave serving as signal light and a polarized wave
perpendicular to the former wave.

SUMMARY OF THE INVENTION

The present mnvention has been made to solve the prob-
lems above, and an object of the present invention 1s
therefore to provide an optical waveguide circuit that has a
small polarization crosstalk and 1s suitable for optical wave-
length division multiplexing communications.

In order to attain the above object, the present invention
provides an optical waveguide circuit having the following,
construction. The optical waveguide circuit of the present
invention 1s comprised such that:

an optical waveguide portion 1s formed on a substrate;

the optical waveguide portion has an under cladding, a
core, and an over cladding formed from silica-based
glass; and

birefringence B in the core is set so as to satisfy |B[|=1.2x

10~*.

In the optical waveguide circuit above, when the thermal
expansion coeflicient of the over cladding 1s given as ag and
the thermal expansion coeflicient of the substrate 1s given as
as, o.g =0s—4.39x1077 is satisfied.
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According to another aspect of the present invention, an
arrayed waveguide grating with the above optical waveguide
circuit 1s provided. The arrayed waveguide grating com-
prises: one or more optical mnput waveguides arranged side
by side; a first slab waveguide connected to the exit ends of
the optical mput waveguides; an arrayed waveguide con-
nected to the exit end of the first slab waveguide to transmat
light guided by and outputted from the first slab waveguide
and composed of a plurality of channel waveguides, the
channel waveguides being arranged side by side and having
different lengths with the difference preset; a second slab
wavegulde connected to the exit end of the arrayed
waveguide; and a plurality of optical output waveguides
arranged side by side and connected to the exit end of the
second slab waveguide.

The present 1nventors have turned their attention to the
value of birefringence 1n the optical waveguide portion that
constitutes the optical waveguide circuit and has the under
cladding, the core and the over cladding in order to reduce
the polarization crosstalk 1n the optical waveguide circuit of
the arrayed waveguide grating or the like. To be specific, in
the arrayed waveguide grating, for instance, light condens-
ing positions for a horizontally polarized wave and a verti-
cally polarized wave vary depending on the value of the
birefringence. Therefore, the present inventors have thought
that a polarized wave serving as noise (a vertically polarized
wave when the signal light 1s a horizontally polarized wave,
whereas the noise 1s a horizontally polarized wave when the
signal light is a vertically polarized wave) can be removed
by setting the birefringence to a proper value.

Then the inventors have examined for the case of the
arrayed waveguide grating the relation between the bireirin-
ogence 1n the optical waveguide portion and the polarization
crosstalk. As a result of examination, 1t has been found that,
when the arrayed waveguide grating 1s applied to an optical
communications system composed of a polarization main-
taining device and a birefringence B 1s set so as to satisly
IB|=1.2x107%, a polarized wave serving as noise can be
removed effectively by the arrayed waveguide grating and
the polarization crosstalk can be reduced to —20 dB or less.

According to the present invention, the birefringence B 1s
set to a value that makes 1t possible to reduce the polariza-
tion crosstalk to =20 dB or less (|B|21.2x1077) based on the
results of examination of the relation between the value of
the birefringence 1n the core and the polarization crosstalk.
Therefore, the present invention can reduce the polarization
crosstalk 1n the optical waveguide circuit of the arrayed
wavegulde grating or the like, thereby making the optical
waveguide circuit suitable for optical wavelength division
multiplexing communications.

Moreover, if ag=os-4.39x10"" is satisfied when the
thermal expansion coeflicient of the over cladding 1s given
as o.g and the thermal expansion coefficient of the substrate
1s given as ds, the birefringence B can surely be set to the
value that makes 1t possible to reduce the polarization
crosstalk to =20 dB or less. The effect above can thus be
exerted correctly.

BREIF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described 1n
conjunction with the drawings 1in which:

FIG. 1 1s a diagram showing an optical waveguide circuit
common to the present invention and prior art, as well as its
operation of demultiplexing light;

FIG. 2 1s a graph showing the results of obtaining the
relation between birefringence in the optical waveguide
portion and polarization crosstalk when linear polarized
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wave 1s entered to the optical waveguide circuit, with the
orientation angle of the linear polarized wave varied;

FIG. 3 1s an explanatory diagram 1illustrating an example
of a polarization crosstalk measuring system adopted to
obtain the relation between birefringence and polarization

crosstalk 1n FIG. 2; and

FIGS. 4A to 4D are explanatory diagrams schematically
showing a process of manufacturing the optical waveguide
circuit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Hereimnafter details of the present invention will be
described with reference to the drawings illustrating an
embodiment of the invention. In describing the embodiment,
the parts 1dentical with those of the conventional example
are denoted by the same reference symbols, and descriptions
thereof will be cut short or omitted. An optical waveguide
circuit according to an embodiment of the present invention
presents the same appearance as the conventional example,

and 1t has the circuit structure of the conventional example
shown 1n FIG. 1.

The optical waveguide circuit of this embodiment has a
substrate 11 and an optical waveguide portion 10 as shown
in FIG. 1, and the waveguide structure of a core 2 of the
optical waveguide portion 10 1s also the same as the con-
ventional example. An arrayed waveguide grating of this
embodiment 1s characterized by setting of birefringence B in
the core 2, specifically, by setting the birefringence B to a
value that satisfies |B|21.2x107%, so that polarization
crosstalk can be reduced to make the optical waveguide
circuit suitable for optical wavelength division multiplexing
communications.

The arrayed waveguide grating of this embodiment func-
fions as a 16 channel optical multiplexer/demultiplexer that
demultiplexes an optical mput light into wavelength-
division-multiplexed lights with an wavelength interval of
100 GHz (about 0.8 nm at 1.55 um band) or multiplexes
several WDM lights with an wavelength interval of 100 GHz
into an optical output. FSR (free spectral range) thereof is 26
nm, the difference in length among adjacent a channel
waveguides of an arrayed waveguide 14, AL, 1s 65.3 um, and
its diffraction order m and specific refractive imndex ditfer-
ence A are 60 and 0.8%, respectively.

In the arrayed waveguide grating, light condensing posi-
fions of a horizontally polarized wave and a vertically
polarized wave vary depending upon the value of birefrin-
gence 1n the core 2 of the optical waveguide portion 10 that
has an under cladding 1b and an over cladding 1a 1n addition
to the core 2. Therefore, the present mventors have thought
that a polarized wave serving as noise (a vertically polarized
wave when the signal light 1s a horizontally polarized wave,
whereas the noise component 1s a horizontally polarized
wave when the signal light is a vertically polarized wave)
can be removed by setting the birefringence to a proper
value and polarization crosstalk 1in the arrayed waveguide
ograting can thus be improved.

Employing a manufacturing method illustrated in FIGS.
4A to 4D, the over cladding 1a 1s formed from silica glass
doped with a 3.6 to 7 mol % of B,O; and a 3.6 to 7 mol %
of P,O. (§810,—B.0,—P,0.) as shown in Table 1. Note
that doses of B,O; and P,O. are different for different
arrayed waveguide gratings. As a result, four arrayed
waveguide gratings having different birefringence B are
manufactured as representative examples of the optical
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waveguide circuit. These sample arrayed waveguide grat-
ings each have the waveguide structure of FIG. 1.

TABLE 1

Experiment
condition 1

Experiment
condition 2

Experiment
condition 3

Experiment
condition 4

B,O., mol% 7 5.8 5. 3.6
P.O. mol% 7 5.8 5.2 3.6
Birefringence 0.7x107* 16x107* 22x10* 35x10°
B]

The birefringence values B 1n Table 1 are calculated as
follows. First, the thermal expansion coefficient of the over
cladding 1a 1s obtained for each of the four sample arrayed
waveguide gratings by the calculation below.

An 1nternal stress 6 generated 1n the optical waveguide
circuit is expressed as the following expression (2) when the
bend radius of the optical waveguide circuit with respect to
the substrate plane 1s given as R.

o={Eb"}{6(1-y )R d} (2)

In the expression (2), E. is Young’s modulus of the
substrate 11 (a silicon substrate, in this embodiment), and its
value in this embodiment is 1.3x10"" (Pa). The thickness of
the substrate 11 1s represented by b, which 1s in this
embodiment 1.0x107> (m). vy, is Poisson’s ratio of the
substrate 11 and 1s 0.28 1n this embodiment. Represented by
d is the thickness of the over cladding la (the distance
between the top of the under cladding 15 and the top of the
over cladding 1a), which is 0.03x107> (m) in this embodi-
ment.

Heat stress o, applied to the optical waveguide circuit 1s
expressed as the following expression (3).

(3)

In the expression (3), E, 1s Young’s modulus of the over
cladding 1a. When approximated with the value of pure
quartz, E_ 1s 7.29x10" (Pa). a.g and as represent the thermal
expansion coellicient of the over cladding 1a and the thermal
expansion coellicient of the substrate 11, respectively. AT 1s
the temperature difference between a temperature at which
the silica-based glass used to form the over cladding 1a is
consolidating and a room temperature.

Here, 1f all of the internal stress 1s presented as heat stress,
0=071s established. Therefore the following expression (4)
is obtained from the expressions (2) and (3).

o=t (ag-as)AT

ag=as+[{E b} /{6E (1-1)d-RAT}] (4)

Then the degree of camber of the optical waveguide
circuits manufactured as above 1s measured by using a
surface shape measuring device of direct contact type. The
measured degree of camber 1s substituted 1n the expression
(4) to obtain the actual value of the thermal expansion
coellicient of the over cladding 1a. The thermal expansion
coellicient of silicon 1s used here for the thermal expansion
coefficient of the substrate 11, and as=3.0x107°° C.7*.

For instance, 1n the case of the arrayed waveguide grating
manufactured in accordance with Experiment Condition 2,
the bend radius R 1s 23.5 m and the thermal expansion
coellicient ag of the over cladding 1a calculated from the
expression (4) is 2.41x107°° C.7'. The arrayed waveguide
orating here, when the grating forms on the substrate 11,
projects upward (i.e., concaved on the substrate 11 side).

The birefringence B 1s expressed as the following expres-
sion (5). The obtained thermal expansion coefficient ag of
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the over cladding 1a is substituted in the expression (5) to
obtain the birefringence B.

B=(C,-C,)E, (ag-as)AT (5)

In the expression (5), C, is the photoelasticity constant of
the over cladding 1a parallel to the substrate 11. C, repre-
sents the photoelasticity constant of the over cladding la
perpendicular to the substrate 11. E, 1s Young’s modulus ot
the over cladding 1a. ag, as and AT represent the same as
those 1n the expression (3) and have the same values as the
expression (3).

The photoelasticity of silica glass parallel to the substrate
11, -0.65x107* (Pa™ '), is substituted for C, in the expression
(5). C, 1s substituted by the photoelasticity of silica glass
perpendicular to the substrate 11: —4.22x107'* (Pa™"). The
Young’s modulus of quartz, 7.29x10"° (Pa) is substituted for
E.. AT 1s substituted by a value obtained from a temperature
of sintering the over cladding 1a: -1000° C. Further, the
thermal expansion coeflicient ag of the over cladding
according to Experiment Condition 2, 2.41x107°, is substi-
tuted in the expression (5) to obtain the birefringence B. As
a result, B 1n the case of the Experiment Condition 2 1s
1.6x107.

Polarization crosstalk 1s measured for each of the sample
arrayed waveguide gratings by using a polarization crosstalk
measuring system structured as shown 1n FIG. 3. In FIG. 3,
the arrayed waveguide grating 1s denoted by reference
symbol 5. The measuring system has, from left to right in the
drawing, a light source 3, a lens 21, a polarizer 4, a lens 22,
the arrayed waveguide grating 5, a lens 23, an analyzer 6, a
lens 24, and an optical power meter 7 arranged 1n this order.

When polarization crosstalk 1s measured using this mea-
suring system, a direction X 1n FIG. 3 1s first aligned with the
horizontally polarized wave direction of the arrayed
waveguide grating 5. A component polarized 1n the direction
X 1S thus set as the signal light and a component polarized in
a direction y 1s set as noise light. Then light emitted from the
light source 3 1s entered to the polarizer 4 through the lens
21. The polarization of the light is changed by the polarizer
4, producing a linear polarized wave that forms an angle of
0, 5, 10, 20, 30 or 45 degree of orientation with respect to
the x axis. The linear polarized wave 1s entered into the
arrayed waveguide 5 through the lens 22.

The light after leaving the arrayed waveguide grating S 1s
entered to the analyzer 6 through the lens 23. The light 1s
emitted from the analyzer 6 while rotating the analyzer 6,
and 1t passes through the lens 24 to be detected by the optical
power meter 7. The maximum value (in this case, corre-
sponds to an intensity Px in the horizontal direction (the
direction x)) and the minimum value (in this case, corre-
sponds to an intensity Py in the vertical direction (the
direction y)) of the detected light are measured and used to
obtain polarization crosstalk by the expression (1).

The results are shown 1n FIG. 2. In FIG. 2, a characteristic
line a indicates the relation between the birefringence and
polarization crosstalk when the angle of the linear polarized
incident wave of the arrayed waveguide grating with respect
to the x axis 1s 0 degree. Similarly, characteristic lines b, c,
d, ¢ and { indicate the relation when the angle 1s 5 degree,
10 degree, 20 degree, 30 degree, and 45 degree, respectively.
When the angle of the linear polarized incident wave of the
arrayed waveguide grating with respect to the x axis 1s 45
degree, optical power ratio of the wave polarized 1n the
direction x to that of the wave polarized in the direction y 1s
1:1.

As 1s apparent from FIG. 2, polarization crosstalk
becomes smaller as the birefringence value 1s increased.
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When the angle of the linear polarized wave with respect to
the x axis 1s 0 degree, polarization crosstalk 1s small regard-
less of the birefringence value. This 1s because polarization
crosstalk becomes smaller as the angle of the linear polar-
1zed wave with respect to the x axis 1s decreased and because
there 1s no noise component when the orientation angle 1s 0
degree.

The arrayed waveguide grating of this embodiment 1s
applied to an optical communications system for transmit-
ting light while keeping the polarization of the light. An
optical device adopted 1n such an optical communications
system 1s composed of polarization maintaining devices.

Accordingly, optical output from each optical device
(polarization maintaining device) constituting the optical
communications system of this type has not so a large
polarized wave component that serves as a noise component
(a vertically polarized wave when the signal light 1s a
horizontally polarized wave, whereas the noise component
1s a horizontally polarized wave when the signal light 1s a
vertically polarized wave). It is thus supposed that, if the
arrayed waveguide grating of this embodiment 1s applied to
the above optical communications system, the total of the
noise components of the polarization maintaining devices
(degradation of polarized extinction due to connection
between devices) that are provided on the entrance side of
the arrayed waveguide grating does not generally exceed 10
degree when expressed as the orientation angle.

Then, on the basis of the results shown 1n FIG. 2, an
examination has been made on the relation between the
birefringence and polarization crosstalk 1 the case where
the orientation angle 1s 10 degree or less while taking into
consideration a general noise component of a polarized
wave entered 1nto the arrayed waveguide grating. The
examination has revealed that polarization crosstalk can be
reduced to =20 dB or less when the birefringence value B
satisfies |B|=1.2x107*. In short, if the absolute value of the
birefringence 1n the arrayed waveguide grating 1s set to
1.2x10™" or more when the orientation angle is 10 degree or
less, the arrayed waveguide can effectively remove a polar-
1zed wave that serves as the noise.

In order to set the birefringence to a value that satisfies
IB|21.2x107%, the thermal expansion coefficient ag of the
over cladding 1a is set so as to satisfy ag=2.56x107°° C.™
when the substrate 11 1s a silicon substrate as 1n the above.

As can be understood from the expression (5), the bire-
fringence value 1s determined by the photoelasticity constant
C, of the over cladding 1a parallel to the substrate 11, the
photoelasticity constant C, of the over cladding 1a perpen-
dicular to the substrate 11, Young’s modulus E of the over
cladding 1a, the thermal expansion coeflicient a.g of the over
cladding 14, and the thermal expansion coeflicient as of the
substrate 11. If the thermal expansion coeflicient ag of the
over cladding 1a 1s generalized by the thermal expansion
coefficient as of the substrate 11 using the expression (5),
ag=0s—4.39x107" is obtained. Therefore og has to satisfy
this expression when the substrate 11 1s other than the silicon
substrate and, for instance, a sapphire substrate.

The above examination has been made with a wave
polarized in the direction x as the signal light and with a
wave polarized 1n the direction y as the noise light. However,
the same result 1s obtained 1n the case where the signal light
1s a wave polarized in the direction y and the noise light 1s
a wave polarized m the direction x. When an optical
waveguide circuit such as these arrayed waveguide gratings
1s applied to the optical communications system, a polarized
wave having a larger intensity among light beams outputted
from the optical waveguide circuit 1s regarded as the signal
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light and this polarized wave light 1s transmitted, whereas a
polarized wave component perpendicular to the transmitted
polarized wave 1s regarded as the noise light.

In this embodiment, the birefringence B 1n the optical
wavegulde portion 10 of the arrayed waveguide grating 1s
set so as to satisfy |B|21.2x10™* on the basis of the above
examination. Therefore, polarization crosstalk can be
reduced to an appropriate value, e.g., —20 dB or less, making
the optical waveguide circuit suitable for optical wavelength
division multiplexing communications. By applying this
embodiment to an optical wavelength division multiplexing
communications system, it 1s possible to accurately remove
the noise component on the entrance side of the optical
waveguide circuit according to this embodiment.

An optical wavelength division multiplexing communi-
cations system has been proposed in proceeding (K.Imai, et
al. in Proc. Communications Society Conference of IEICE,
B-10-87, 1999). In this system, a first arrayed waveguide
orating multiplexes wavelengths of odd channels, a second
arrayed waveguide grating multiplexes wavelengths of even
channels, and the light multiplexed by the first arrayed
waveguide grating and the light multiplexed by the second
arrayed waveguide grating are multiplexed such that their
polarized directions are perpendicular to each other. If this
embodiment 1s applied to the optical wavelength division
multiplexing communications system as such, for example,
optical transmission through the proposed system can be
conducted securely by, e.g., multiplexing a wave polarized
in the direction x as the signal light 1n the first arrayed
wavegulde grating and by multiplexing a wave polarized in
the direction y as the signal light in the second arrayed
waveguide grating.

Note that the present invention 1s not limited to the above
embodiment but may take various modes for carrying out
the mvention. For instance, the optical waveguide circuit,
which 1s an arrayed waveguide grating in the above
embodiment, does not necessarily be the arrayed waveguide
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orating. It may be various kinds of optical waveguide circuit
as long as 1t has a substrate and an optical waveguide portion

formed thereon and including an under cladding, a core and
an over cladding which are formed from silica glass.

What 1s claimed 1s:
1. An optical waveguide circuit comprising:

an optical waveguide portion 1s formed on a substrate;

the optical waveguide portion has an under cladding, a
core, and an over cladding formed from silica-based
glass; and

birefringence B in the core is set so as to satisfy |B[=1.2x
10", wherein, when the thermal expansion coefficient
of the over cladding 1s given as ag and the thermal
expansion coellicient of the substrate 1s given as as,
og=as-4.39x107" is satisfied.
2. An arrayed waveguide grating with an optical
wavegulde circuit according to claim 1, the arrayed
waveguide grating comprising:

one or more optical mput waveguides arranged side by
side;

a first slab waveguide connected to the exit ends of the
optical mput waveguides;

the arrayed waveguide connected to the exit end of said
first slab waveguide to transmit light guided by and
outputted from the first slab waveguide and composed
of a plurality of channel waveguides, said channel

waveguldes bemg arranged side by side and having
different lengths with the difference preset;

a second slab waveguide connected to the exit end of the
arrayed waveguide; and

a plurality of optical output waveguides arranged side by
side and connected to the exit end of the second slab
waveguide.
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